ABSTRACT: Speech therapy can be viewed as a business in logopaedic area that aims to offer services for correcting language. A proper treatment of speech impairments ensures improved efficiency of therapy, so, in order to do that, a therapist must continuously learn how to adjust its therapy methods to patient's characteristics. Using Information and Communication Technology in this area allowed collecting a lot of data regarding various aspects of treatment. These data can be used for a data mining process in order to find useful and usable patterns and models which help therapists to improve its specific education. Clustering, classification or association rules can provide unexpected information which help to complete therapist's knowledge and to adapt the therapy to patient's needs.
INTRODUCTION
Language and speech impairments are affections which have negative impact on individuals' life standard even they do not endanger their life. These problems occur frequently to children under school age and, if they are discovered and proper treated they can be often corrected. Logopaedic therapy is a complex process and it must be adapted to each patient.
During last years, the technological progress has a major influence on speech therapy. First, the communication among persons with various disorders was facilitated by computer or other communication tools. Second, the learning process was improved with help of various computer based speech therapy systems which increase the patients' curiosity and their interest in therapy by stimulating strong feelings and affective states [1] . Last, but not least, the Information Technology used to assist the logopaedic therapy allowed to collect a considerable amount of data which may hide new, unexpected and potential useful information. This information can be extracted by a data mining process and may serve to improve the therapists'' knowledge in order to provide an efficient and high optimized personalized therapy. This paper aims to investigate the potential of data mining to enhance the speech therapists' knowledge, and finally to lead to an efficient personalized process of therapy.
The paper is organized as follows: Section 2 points out some challenges of speech therapy disorders and shows the complexity of the therapeutically process, Section 3 refers some aspects regarding the use of Information and Communication Technology in speech therapy area, Section 4 presents what is data mining and its methods that are useful in speech therapy, and Section 5 shows how can be used data mining as an educational tool for speech therapists. Finally, Section 6 presents some conclusions.
THE CHALLENGES OF SPEECH DISORDER THERAPY
Defined as problems of fluency, voice or how a person utters speech sounds, speech disorders may have different causes: organic, functional, neurological or psycho-social causes.
To prevent and to treat speech disorders is a complex process, which involve efforts of speech therapists and those of are asked to contribute to the children's language education: parents and teachers.
If the proper treatment of these problems starts in due time, they can be corrected because psycholinguistic automatisms are not consolidated in young children [2] .
An adequate diagnosis will decide the therapy for correcting speech problems. Each speech therapist must adapt its therapeutic program to each particular case, to the child's learning rhythm and style and to the severity of its problem. Key problems in speech therapy are presented in Figure 1 .
A first step is a complex examination, which starts with a personal and family anamnesis and continues with cognitive and personality examination. After that, a detailed speech investigation is made. This can reveals the existence of general speech problems regarding hearing, voice or vocabulary, articulation problems as poor coordinating or pronunciation problems. As a conclusion, complex examination provides data about social, cognitive and affective parameters and point out potential development problems allowing a diagnosis for the patient.
Then, more therapy phases must be followed in a specific order, according to each child's characteristics. The therapy is built on stages, moments and concrete objectives materialized in a specific therapeutic techniques (exercises and procedures which the child has to perform) in order to achieve the final aim -a correct speech act [4] . From time to time one asses the therapy results, and if it is necessary it is reconsidered and redesigned. 
ICT AND SPEECH THERAPY
Last years the patients with speech disorder have become subjects of specialists' attention. In the same time investments in this type of therapy have increased. Computer-based speech therapy (CBST) have gained large acceptance as a useful clinical tool. Some of used tools are simple devices while others are complex systems, some focus on evaluation while others are oriented towards therapy operations.
The specialists underline the following benefits of using software in speech therapy: contribution to establish a correct diagnosis, obtaining audiovisual feedback during the treatment, assessing the therapeutic progress and the possibility to use various types of practical exercises for children with speech disorders.
Using computer-based systems in speech therapy may increase children's curiosity and their interest by stimulating strong feeling and affective states [1] . Now, the priorities target the development of CBST systems capable to personalize therapeutic guides according to the child's evolution and to assess their progress [3] .
However, the use of computer-based systems does not eliminate the therapist. They only become effective partners in reaching the therapeutic objectives and they represent an effective support in speech therapy exercises.
DATA MINING

Knowledge Discovery in Databases
Defined as "the process of identifying valid, novel, potential useful and understandable patterns in data" [5] knowledge discovery in databases (KDD) is a complex process consisting, accordingly to CRISP-DM model, of following six steps: business understanding, data understanding, data preparation, modelling, evaluation of the mode land deployment [6] . These steps are presented in Figure 2 .
As one can see, one of these steps refers to data modelling. Defined as the semiautomatic extraction of knowledge from huge volumes of data, data mining correspond to the modelling step in the KDD process.
Data mining involves the analysis of large volumes of data using algorithms which produce a particular enumeration of patterns from such data. It aims to discover, from apparently unrelated data, relationships that can anticipate future problems or might solve the studied problems. By appropriate methods, data mining is able to provide answers for two wide categories of problems: prediction and description, as shown in Figure 3 .
Even prediction is the strongest goal, discovery, sometimes called knowledge discovery, is performed usually prior to prediction. For example, in speech therapy practice for a diagnosis suggestion, which belongs to predictive data mining, we have to explore the database for a set of characteristics that describes the diagnosis. Then the obtained information is used for the prediction of the disease for a new patient that comes in [7] .
Data Mining Methods
Each of the two problems mentioned above may be solved by specific methods. If we intend to make a prediction we can use classification or regression. If our goal is knowledge discovery it is indicated to use clustering, association rules, database segmentation, visualization or deviation detection as shown in Figure 3 .
Classification is a data mining task that aims to predict group membership for data cases using models that describes predetermined set of data classes. A model is built by analyzing data cases described by attributes. Such models, called classifiers, are constructed to predict categorical labels using a two acts process. In the first stage, called the learning step or the training phase, a classifier is build to describe a predetermined set of data classes, called training set. The class label of each training case is provided. This is the reason why this method is known as supervised learning. Once built, the model is tested on data that are also labeled in order to determine its accuracy. If it is validated, the model will be further used to predict classes of unlabeled cases.
Deviation detection allows detecting changes from the normal behaviour. It aims to discover the significant changes in data from previously collected values.
Clustering brings together sets of entities into groups based on their similarities. A cluster is a collection of objects that are similar to one another within the same cluster and are dissimilar to the objects in other clusters. The expression for similarity is often a distance function which can take different forms based on data types used in order to describe the objects. For example, for numerical data one may use the Euclidian distance, but for categorical data this distance is not appropriate. In this case, an algorithm which uses a new distance measure based on the total mismatches of the categorical attributes of two data records is proposed [7] . In data mining, clustering is an unsupervised learning method, because, unlike classification is not based on existence of predefined classes and class-labeled training. .
.Association rules try to find out relationships between different data which seem to have no semantic dependence. Association rules were applied initially to data sets consisting of variable length transactions, but in time, some algorithms has been adapted for data stored in relational databases. Mining association rules involve two steps: finding the frequent itemsets and rules construction. Frequent itemsets are those collections of attributes that frequently occur together within a transactional database. Inside of these frequent itemsets we seek the associations between various attributes.
DATA MINING AS TOOL FOR SPEECH THERAPYST'S CONTINOUS EDUCATION
Data Mining for Speech Therapy
It is known that the logopaedic diagnosis is subjective and depends on the available data and on the experience of the logopaed. Therapy also must be adapted to each individual case, based on factors such as: the gravity of speech impairment, the child's characteristics and lifestyle or the parent-child's relationships.
In order to solve these problems some directions are already used. Statistic methods, queries or visualization models are useful to give to therapists a general view of speech disorders. More sophisticated information visualisation techniques can be used to generate representations for integrated patients' data, which can be explored by therapists. These allow specialists to identify difficult cases and to pay more attention to their therapy.
The aim of data mining is to extract hidden patterns in data collected from speech therapist's office and other potential data sources, using specific techniques. Hidden patterns can contain unexpected but very useful information.
If we refer logopaedic therapy, the useful actions performed by data mining can be grouped into the following categories [4] : classification, clustering and association rules mining.
Classification places the people with different speech impairments in predefined classes. Thus it is possible to track the size and structure of various groups. We use classification which is based on the information contained in many predictor variables, such as personal or familial anamnesis data or related to lifestyle, to join the patients with different segments [4] .
Clustering aims to group peoples with speech disorders on the basis of similarity of different features. It is not based on the previous definition of groups. It is an important task because helps the therapists to understand who are they patients. Clustering aims to find subsets of a predetermined segment, with homogeneous behaviour towards various methods of therapy that can be effectively targeted by a specific therapy [4] .
Since, the goal of association rules mining is to identify combinations of items that often occur together, in the personalized speech therapy area its task is to determine why a specific therapy program has been successful on a segment of patients with speech disorders and on the other was ineffective.
So, as a conclusion, we may say that data mining is a useful tool, which helps the therapists to design proper personalized schema for speech disorders therapy.
Data mining -educational tool for speech therapists
Data mining aims to find new patterns in large amount of data.
Used mainly in business, data mining has some applications in education, medicine and healthcare. The process of tracking and mining patient's data in order to improve therapists' knowledge for enhanced personalized speech therapy is a new idea.
Knowledge extraction techniques applied in speech therapy area can be considered as formative evaluation techniques which aim to evaluate therapeutically programs while they are still in development with the purpose of continually improving these programs.
Data mining can discover useful information that can be used in formative evaluation to assist therapists to establish a proper basis for decisions when they design or adapt a therapeutically process.
The application of data mining in speech disorder therapy is an iterative process as is shown in Figure 4 . Mined knowledge should enter the loop of the system and guide and enhance the whole process. Figure 4 The framework of applying data mining in speech therapy Figure 4 shows the interactions that occur in a therapy system that include four functional blocks: speech therapist, a CBST system, the child with speech impairments and data mining module.
1. speech therapists collect data about their patients and store this data in databases that are part of the used CBST. Based on this data, a personalized therapy is designed;
2. the CBST system assist the therapy that is made in the therapists' offices and provides the set of exercises that must be made as independent work. It allows also to track the child's evolution during the various stages of therapy; 3. collected data are prepared for data mining algorithms, and transformed data are subject of data mining operations (classification, clustering or association rules). 4. resulted patterns are shown to speech therapist. They have to be in an understandable and easy to interpret form. 5. specialists interpret and evaluate the mined models. If they are found to be useful they become knowledge and contribute to continuous education of speech therapists. This new information can also be used to improve CBST's performances.
CONCLUSIONS
Data mining is an actual research direction with application in various domains. Originally designed to meet the needs of a highly competitive economy, one has proved that data mining can be a useful tool for lifelong learning of various category of specialists.
Speech therapy is a complex and difficult process because it addresses young children or adults with problems. In this case, the success of therapy is closely related to the ability of experts to design a personalized therapeutic path, as good as possible adapted to the features of the patient.
Data regarding therapy, patients or their status at different moments of therapy can be used in data mining operations to obtain new and useful information, often surprising even for experts. Starting with creating groups of patients with similar features by clustering, continuing with various types of predictions made by classification (diagnosis, the final state of the patient, the length and the cost of therapy), and ending with the association between different schemes of treatment and patients, which provides the best results, this information may be a solid foundation for speech therapists' lifelong learning.
